Diabetes during pregnancy may occur as pregestational or gestational diabetes mellitus. Throughout gestation there is a close relationship between maternal and fetal blood glucose concentrations. Maternal hyperglycemia leads to hyperglycemia of the fetus, stimulating the fetal pancreas to synthesize excessive amounts of insulin. At the time of delivery, after separation of the placenta, the flow of glucose to the newborn that is appropriate for hyperglycemia is suddenly interrupted. Excessive insulin production in the fetus in response to maternal hyperglycemia can cause severe hypoglycaemia during the neonatal period. It is a very common complication of maternal diabetes. In healthy children during the first 4-6 postnatal hours there is a physiological decrease in glucose levelfrom the mother's blood level to about 2.5 mmol / l (45 mg / dl). This is related to still not fully developed adaptive mechanisms. There is strong evidence that good glycemic control is essential for an optimal outcome of pregnancy in diabetic women.
Introduction
The first reports of diabetes during gestation come from the nineteenth century. In 1824 Heinrich Gottlieb Bennewitz in his doctoral dissertation described a pregnancy complicated by polydipsia, polyuria and progressive weakening in a young, healthy woman. The ailments appeared in her fifth pregnancy and subsided after childbirth. There was sugar found in the urine of the pregnant woman. The child, weighing over 6 kg, died during labour. In 1882 at the London Society of Obstetricians Matthew Duncan presented the course of 22 pregnancies in 15 diabetic women. 13 fetuses died intrauterinally and 9 women died within one year of the termination of pregnancy. It was only the discovery by Banting and Best in 1922 and the introduction of insulin treatment that gave the chance to prolong the life of patients with diabetes, including pregnant women. [1] Systematic research on gestational diabetes began in the 1940s. In 1954, the term "meta gestational diabetes" was first used, suggesting the transient nature of the disorder. In 1964 O'Sullivan and Mahan proposed diagnostic criteria for gestational diabetes. In 1979 gestational diabetes acquired a formal definition: 'Carbohydrate intolerance of variable severity recognized for the first time in pregnancy' and became established as a distinct form of Diabetes. [2] One year later (1980), Freinkel hypothesized that fetal development depends not only on maternal hyperglycemia but also on its severity and on the stage of pregnancy when it occurs. The first Polish analysis of the fate of children born to diabetic mothers was presented in 1972. [3] 
Maternal diabetes
Throughout gestation we may be dealing with varying degrees of glucose homeostasis disorders. This may be clinically manifested diabetes mellitus in patients with pre-existing diabetes (PGDM: pregestational diabetes mellitus) or gestational diabetes mellitus (GDM), which occurred already during pregnancy.
Pregestational diabetes can be autoimmune diabetes, including both 'classic' type 1 diabetes and LADA (Latent Autoimmune Diabetes in Adults) as well as type 2 diabetes and rarely occurring MODY (Maturity Onset Diabetes of the Young).
Gestational diabetes mellitus can also be the first manifestation of the abovementioned forms. (4) According to the current recommendations, all pregnant women should be diagnosed for glucose tolerance disorders. There are established procedures for patients with pregestational diabetes. It is most desirable when their pregnancy is planned and preceded by careful preparation of the patient for pregnancy. Such patients already in the planning period of pregnancy should be covered with specialised medical units' care.
A literature review by the Danish authors indicated that the incidence of preeclampsia in women with diagnosed type 1 diabetes was 5-6 times more common in relation to the population. [ 5] Pre-existing hypertension and high blood pressure within the Normotensive range as well as presence of microangiopathy were predictors of preeclampsia.
Gestational diabetes mellitus
It is carbohydrate intolerance occurring during pregnancy. Although it is characterized by greater insulin resistance, little is known about the underlying cellular mechanisms of GDM.
Risk factors for the development of gestational diabetes are the mother's age, history of macrosomia (birth weight > 4000 g) previous delivery of a neonate with a congenital anomaly, hypertension, overweight or obesity, family history of diabetes type 2, gestational diabetes during previous pregnancies, polycystic ovary syndrome.
The relation between the incidence of GDM and elevated oxidative stress due to overproduction of reactive oxygen species (ROS) was emphasized by Witczak et al. [7] The aim of the study was to determine the prevalence of structural aberrations (CA) in peripheral blood of pregnant women with GDM and umbilical cord blood in neonates.
Recent studies of Polish authors have shown that different inflammatory mediators are considered risk factors leading to the development of GDM. [8] The authors demonstrated that polymorphisms pro-inflammatory IL18 cytokines may be associated with increased risk of GDM. Among the risk factors for GDM development, the deficiency in 25-hydroxyvitamin D[25 (OH) D] is recently mentioned more and more often. [9, 10, 11] However, data on the role of vitamin D in the regulation of glucose homeostasis during pregnancy and the impact of its shortage on the risk of developing gestational diabetes require further research.
Recently, Danish authors have reported a study of 198 pregnant women with type 1 diabetes; in the research group, insufficient vitamin D intake (<50 nmol/l) was observed in as many as 68 women (34%). [12] Vitamin D supplementation of 1500-2000 IU/d is recommended. [13] 
Diagnosing gestational diabetes
The American Diabetes Association (ADA) recommends three different ways to diagnose gestational diabetes. [16] Preliminary diagnosis should be made at the beginning of pregnancy, during the first visit to the gynaecologist. The glucose tolerance test (OGTT) should be performed between 24 and 28 weeks of gestation. In pregnant women from risk groups, the test should be performed early in pregnancy.
Sugar levels in the oral glucose tolerance test indicating the diagnosis of gestational diabetes are [17]:
• fasting plasma glucose 5.1-6.9 mmol/l (92 -125 mg/dl);
• 1-hour plasma glucose ≥ 10.0 mmol/l (180 mg/dl) following a 75g oral glucose load and
• 2-hour plasma glucose 8.5-11.0 mmol/l (153 -199 mg/dl) following a 75g oral glucose load.
Zawiejska et al emphasized the usefulness of fasting hyperglycemia measurements in mothers with significantly increased risk of perinatal complications. [18] Similar observations were made by Dielmis et al. [19] The authors found that women with FPG levels of 5.1-5.5 mmol/l (91.8 -99.0 mg/dl) had an increased risk of adverse maternal and perinatal outcome, although they would not be diagnosed with GDM according to NICE criteria. Other authors point to the utility of glucose measurements OGTT in 1 hour after a glucose load in predicting the development of diabetes mellitus. [20] Currently, more and more attention is being paid to the presence of glucose homeostasis disorders in pregnant women, which, according to the current criteria, are not considered to be gestational diabetes. However, the studies show that even a small degree of hyperglycemia during pregnancy increases the risk of obstetric and neonatal complications.
The basis for the monitoring of glucose metabolism in pregnant women is carefully conducted self-monitoring. In pregnant women with pregestational diabetes mellitus these self-monitoring rules are set individually and must be adjusted to intensive insulin therapy.
In patients with gestational diabetes self-monitoring includes: glucose measurements (usually 5-6 times a day), testing for ketone bodies and glucose in urine (in justified cases: weight loss or high blood glucose levels).
More and more attention is paid to the use of modern techniques for monitoring glucose levels during pregnancy. [21] Moy et al presented an analysis of the results of the use of different methods of self-monitoring of blood glucose concentration in the treatment of diabetes during pregnancy. [22] The analysis involved 538 women with type 1 and type 2 diabetes. In this review, the authors did not find any clear evidence that any glucose monitoring technique was superior to any other technique in pregnant women with pre-existing type 1 or type 2 diabetes. The authors believe that further research is necessary.
When discussing disorders of glucose metabolism during pregnancy, the need to monitor the thyroid function is also worth mentioning, because dysfunction of the thyroid is a phenomenon often associated with these disorders. [23] It is also very important to control weight gain in pregnant women. [24] Gutaj et al conducted a retrospective analysis of 209 overweight and obese pregnant women with gestational diabetes. They found that increased pregestational BMI played a role in predicting birth weight greater than 4300 g, pregnancy-induced hypertension and the number of pregnancies terminated with caesarean section. [25] Many authors stress the need to prevent excessive weight gain during pregnancy. [26] The degree of complication related to the fetus is primarily dependent on the time of diagnosis of diabetes, and hence on the duration of fetal exposure to high glucose concentration. [27, 28, 29] Hyperglycemia in the first 8-10 weeks of fetal development is the cause of miscarriages, intrauterine deaths and developmental abnormalities in the offspring. Untreated gestational diabetes results in up to 30% increase in perinatal mortality. The last 30 years have brought tremendous progress in the care of a pregnant woman suffering from diabetes as well as her child, both during its fetal life and during the perinatal period. This allowed for dramatic reduction in the risk of fetal damage and significantly reduced the number of failed pregnancies. However, even very carefully monitored pregnancy in a diabetic patient carries many risks for the baby, both in fetal and postnatal life.
The most significant progress in recent years in the course and outcomes of pregnancies complicated by diabetes is evident in the decline in perinatal mortality, understood as intrauterine and neonatal deaths.
Childbirths in diabetic women should take place in specialist centres with intensive care units for new-borns. The newborn of a diabetic mother is always a child of special risk and as such requires special care in the perinatal period. Hyperglycemia during pregnancy, especially at its early stage, is considered to be a very serious risk factor for fetal defects, regardless of the type of diabetes. [30, 31] Gruszka et al. presented the results of the study in a group of 300 pregnant women with GDM. [32] According to these authors, maternal body mass index correlated significantly with fetal macrosomia, which significantly influenced the method of termination of pregnancy and neonatal status at birth. [33, 34, 35, 36] 
Fetal growth disorders
Hyperglycemia of pregnant women and fetal hyperinsulinism are the major determinants of macrosomia (LGA: large for gestational age) of newborn which is a significant risk factor for obstetric complications. [37, 38] It is defined as the birth weight> 90 centile in relation to the standards adopted for gestational age.
In the offspring of diabetic mothers there is asymmetric macrosomia in which, apart from body weight gain and increased volume of adipose tissue, there are changes in body proportions in the form of increased shoulder and abdominal circumferences and decrease in the ratio of the head circumference to the chest circumference. The prevalence of fetal macrosomia in the general population is 8-14%, and in women with diabetes it varies between 25-42%. [39, 40] Hyperinsulinism, which results from excessive stimulation of the fetal β cells by the excessive amounts of glucose coming through the placenta, is regarded to be the main cause of macrosomia. It results in fetal hyperinsulinemia. Hyperglycemia and hyperinsulinemia stimulate the process of lipogenesis and hyperplasia of adipose tissue. Excessive growth occurs mainly in organs and tissues the metabolism of which is insulin-dependent, including liver, spleen and heart, adipose tissue and muscle tissue.
Another fetal malformation in pregnancy complicated by gestational diabetes mellitus can be SGA ( small for gestational age), birth weight <10th percentile for gestational age which may be caused by excessive reduction in maternal glycemia, although recurrent hypoglycemia in the mother may paradoxically result in macrosomal onset due to hyperinsulinemia stimulated by glucose taken by the mother. [41] Fetal hypotrophy is defined as the fetal body weight below 10 centile (in respect to fetal age and gender). There are many factors that may affect fetal growth restriction, including changes in the concentration of placental growth factor (PlGF). [42] Intrauterine hypotrophy occurs in children of mothers who have been suffering from diabetes for a long time and who experience vascular complications. Hypotrophy is most commonly asymmetrical in nature (body length and head circumference correspond to fetal age, while body mass is too lo w).
During the perinatal period, the newborn may also have a number of other disorders threatening its life and health. For prevention of these disorders, it is of utmost importance to have a thorough metabolic control of diabetes during pregnancy and childbirth.
The consequence of gestational diabetes can be a breathing disorder in the newborn (RDS: respiratory distress syndrome). It is the result of a deficiency of surface agent, often accompanied by patent ductus arteriosus. The proceeding is similar to the incidence of the syndrome in other states. These children unconditionally require hospitalization in the intensive care unit. Its manifestation in the cardiovascular system may be diabetic cardiomyopathy.
Incorrect metabolic control of diabetes in pregnant women leads to a number of neonatal biochemical disorders such as hypoglycemia, hyperbilirubinemia, hypocalcemia or hypomagnesemia. Even very mild changes in glucose tolerance can lead to excessive or disharmonious fetal growth.
Hypoglycemia
Hypoglycemia in the newborn is diagnosed when the blood glucose level is below 30-40 mg/dl. (1.7-2.2 mmol/l). Hypoglycaemia is one of the most frequent metabolic problems in neonatal medicine and maintaining glucose homeostasis. The maximum intensity of this phenomenon is observed between 1 and 3 hours of life. It occurs in 10-60% of the newborns of mothers suffering from diabetes mellitus. Hypoglycemia in the neonate is a common complication in both pregestational and gestational diabetes mellitus.
The issue of assessing blood glucose levels in newborns and young infants raises a lot of controversy. It is still not known exactly when the concentration should be considered normal and when it is already hypoglycaemia. [43, 44, 45] The result of this glucose test depends on many factors. There are very important factors related to the examined newborn, i.e the time from the birth, the course of the labour (hypoxia, etc.), the newborn's body weight in relations to the gestational age (LGA, SGA) as well as maternal factors. Recently, continuous monitoring (CGMS: continuous glucose monitoring sensor) is used more and more frequently to monitor glycemia, also in the case of newborns and infants. [46, 47] It is assumed that normal serum glucose level in neonates who do not receive intravenous infusions should be within the range of 50-100 mg/dl (2.8-5.6 mmol/l).
Hypocalcemia
Hypocalcemia is recognized when the total calcium level drops below 7 mg/dl (1.75 mmol/l) or in case of the ionized calcium level -below 0.87 mmol/l. The lowest values are observed in the first 24-72 hours of life. The intensity of hypocalcemia is proportional to the severity of diabetes mellitus in the mother.
Hypomagnesaemia
Hypomagnesaemia is diagnosed with serum magnesium level below 1.6 mg/dl (0.6 mmol/l).
Hyperbilirubinemia
Hyperbilirubinemia (bilirubin greater than 15 mg %) is observed in approximately 20% of neonates with diabetes complications.
Undoubtedly, all complications of gestational diabetes are linked to glycemic control. Thus, to minimize the risks, it is necessary to have very strict metabolic control in the mother throughout the pregnancy, up to delivery.
After the birth of a child of the diabetic mother, the newborn should be treated with special care. The clinical condition of the newborn baby must be assessed very carefully and its vital functions in the first days after birth should be monitored thoroughly.
Treatment of a diabetic pregnant woman
Hypoglycemia. To maintain glucose homeostasis, it is of fundamental importance to maintain a good relationship between insulin and glucagon secretion in the first hours after birth. The superiority of glucagon secretion is essential to protect the newborn from severe hypoglycemia immediately after birth. [56, 57, 58] In the neonates of diabetic mothers, these mechanisms may be impaired.
Excessive insulin production in the fetus in response to maternal hyperglycemia may cause severe hypoglycemia in the neonatal period. Some authors believe that even asymptomatic hypoglycemia in the newborn can cause CNS damage; hence careful monitoring of glycemia in neonates from diabetic pregnancies is necessary. [44] It is necessary to monitor glycemia by measuring its value at 30-minute intervals for the first 2 hours after childbirth, then at intervals of 2-4 hours in the first 24 -48 hours.
It is advisable to maintain blood glucose levels within the range of 60 -150 mg/dl (3.3 -8.3 mmol/l). If blood glucose concentration immediately after birth is ≥40 mg/dl (≥2.2 mmol/l) and the general condition of the baby is good, it is generally sufficient to start feeding early or possibly orally administer 10% glucose in the first 30-60 minutes after birth. If blood glucose concentration is <30 mg/dl (1.7 mmol/l) or if blood glucose is <45 mg % but clinical symptoms of hypoglycemia are present, glucose intravenous infusion should be started with 2 ml/kg of 10% glucose for 2-3 minutes, then 6 to 8 mg glucose/kg/min (3.6-4.8 ml 10% glucose/kg/hr) up to a total of 80-120 ml 10% glucose/kg/day. If blood glucose concentration > 150 mg/dl (> 8.3 mmol/l), the infusion should be slowed down. Sometimes higher doses of glucose (8-12 mg/kg/min) and more concentrated glucose solutions are needed, in such cases access to the central vein is necessary. In particularly refractory cases, glucagon must be administered (30 μg/kg, not exceeding a dose of 1 mg).
The need for high glucose concentrations indicates hyperinsulinism and is an indication for steroids or diazoxide administration.
Other metabolic disorders worth mentioning include * Hypocalcemia which usually has no symptoms and undergoes spontaneous normalization. Sometimes, however, intravenous infusion of 10% Calcium gluconicum in glucose solution may be required, an extended infusion may be necessary when clinical symptoms persist; *Hypomagnesemia which requires adjustment if serum magnesium concentration is <0.6 mmol / l by administration of 0.1 -0.3 ml/kg 50% magnesium sulphate solution;
* Polycythemia which is compensated by administration of 5% albumin or an exsanguination transfusion if peripheral vein haematocrit > 65%;
* Hyperbilirubinemia -the treatment of which should be implemented if serum bilirubin levels exceed 15 mg/dl.
Conclusion
The threat to the fetus is not only hyper-but also hypoglycaemia. Maternal hyperglycemia may cause excessive fetal growth (macrosomia or LGA, i.e. higher than the original birth weight due). Maternal hypoglycemia poses a risk of microsomia or SGA, i.e. a lower than expected birth weight of a newborn, although recurrent hypoglycaemia in the mother may paradoxically result in macrosomia due to hyperinsulinemia stimulated by mother glucose. After pregnancy complicated with gestational diabetes mellitus, sugar levels generally return to normal, just a few days after childbirth. It must be borne in mind that the history of gestational diabetes is a risk factor for the development of diabetes in the future as well as the recurrence of this complication in the subsequent pregnancy. [59, 60] It is therefore recommended to perform a glucose tolerance check 6-12 weeks after the childbirth and then control it, depending on the indications, every 1-2-3 years. It is very important to take the glucose tolerance test before the next planned pregnancy. It is also important to prevent the onset of glucose metabolism disorders through very careful weight control, proper diet and physical activity. Maternal overweight and obesity are the most important factors causing perinatal complications.
